The functional contribution of enhancers to gene expression has been well shown over the past three decades. The mechanisms by which enhancers influence gene expression, however, remained poorly understood. Recent technological advances have made it possible to observe, on a genome-wide scale, the molecules and mechanisms that govern enhancer function. We know that enhancers recruit general coactivators, such as p300/CBP, and they show a common chromatin signature. This signature includes high levels of monomethylation at histone H3 lysine 4 (H3K4me1), but low levels of the promoter-specific H3K4me3 mark (Fig. 1) . Using CBP and histone methylation patterns to identify neuronal enhancers, our study revealed that several thousand enhancers can recruit RNA polymerase II (Pol II) and transcribe noncoding RNAs upon neuronal activation (Kim et al. 2010) . The transcripts, which we termed enhancer RNAs (eRNAs), have since been independently confirmed in many different cell types and species, suggesting that eRNA synthesis is not unique to neurons, but more likely a universal cellular mechanism involved in governing enhancer function.
Enhancer RNAs are clearly distinguishable from the canonical long noncoding RNAs (lncRNAs) whose functions have been better characterized. A first distinction is that although lncRNAs were broadly defined based on the presence of H3K4me3 at their promoters, eRNAs can be produced from enhancers without detectable levels of H3K4me3. This difference may stem from the 10-to 100-fold lower expression levels of eRNAs relative to lncRNAs, as H3K4me3 levels generally correlate with gene expression level. Second, unlike the promoters of lncRNAs and protein-coding genes, enhancers show little bias in the direction of transcription initiation. Third, whereas lncRNAs undergo maturation processes such as splicing and polyadenylation, eRNAs are shorter (,2 kb), with little evidence of being consistently spliced or polyadenylated. The lack of polyadenylation was inferred by the fact that eRNAs were first detected from analysis of total cellular RNA (using total RNA-seq) in neurons, but not observed in polyadenylated RNA (using mRNA-seq). Polyadenylated eRNAs, however, have been reported or implied from the analysis of other nonneuronal cell types. Despite some of these differences between stereotypical eRNAs and lncRNAs, we and others have observed a relatively small number of genomic loci that cannot be easily classified either as enhancers or promoters of lncRNAs because of the presence of both H3K4me3 and H3K4me1 marks. These loci could represent a distinct class of enhancers or may suggest that enhancer and promoter designations are only useful to a point. The distinction between enhancer and promoter may simply be a quantitative one concerning the expression levels of transcripts. Indeed, protein-coding promoters have been reported to act as enhancers, regulating other nearby promoters.
The major question raised by the discovery of eRNAs relates to whether transcriptional activity at enhancers contributes to enhancer function. Several lines of circumstantial evidence suggest that eRNA synthesis is a regulated process and not mere transcriptional noise. Upon neuronal stimulation, only a subset of enhancers produces eRNAs, and this subset tends to be located near mRNAs that are strongly induced (Kim et al. 2010) . Based on this observation, we propose that eRNA-producing enhancers are actively engaged in promoting the expression of target genes in response to stimulus-induced signaling. This hypothesis has been supported by correlative studies of eRNAs in various cell types. Moreover, kinetic analysis of eRNAs in lipopolysaccharide-activated macrophages showed that eRNA synthesis precedes transcription of adjacent protein-coding genes, suggesting an active role for eRNAs in the regulation of the target gene. Additional support comes from a recent siRNA-mediated knockdown study of human lncRNAs, inferring that they contribute to the activation of surrounding protein-coding mRNAs (Lai et al. 2013) . Although it has not been clearly shown whether the lncRNAs with enhancer-like function are derived from enhancer regions, these GENCODE lncRNAs differ from eRNAs in that they are typically processed by splicing and polyadenylation, as well as having high levels of H3K4me3 at their promoters. Nonetheless, the combination of these two independent findings-eRNA derived from functionally defined enhancers and lncRNAs showing enhanc- Figure 1 . eRNA synthesis and function. During transcriptional activation, coactivator (e.g., p300/CBP) and RNA Pol II bind to a subset of enhancers and bidirectionally transcribe eRNAs. Chromatin looping between the enhancer and promoter will bring eRNAs near the target gene promoter to allow coordinate activation. Some eRNAs (e.g., eRNAs expressed from ER-a-bound enhancers in human breast cancer cells) facilitate and/or stabilize specific enhancer-promoter looping, in part by interacting with cohesin.
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T.-K. Kim et al. er-like function-implies that non-protein-coding regions throughout the genome may produce transcripts with specific regulatory functions and have a more active role than previously anticipated in gene expression.
Supporting this notion, recent studies have provided more direct evidence demonstrating that at least some eRNAs are functionally important for target gene expression. The knockdown of several eRNAs caused decreased expression of nearby target genes (Lam et al. 2013; Li et al. 2013; Melo et al. 2013 ). In addition, the artificial tethering of eRNAs upstream of a minimal promoter in a plasmidbased reporter system enhances the reporter gene expression. These results are consistent with the proposed role of eRNAs in transcriptional activation. Intriguingly, the activating function of eRNAs appears to be sequence-or strand-specific, although the critical determinants for this specificity have not been identified (Lam et al. 2013) . In other experiments in human breast cancer cells, eRNAs expressed from estrogen receptor a (ER-a)-bound enhancers increase the strength of specific enhancer-promoter looping, in part by interacting with cohesin (Li et al. 2013 ). The lncRNAs with enhancer-like function mentioned above were also shown to mediate chromatin looping, but through the interaction with a mediator complex (Lai et al. 2013) .
Although these results collectively suggest that chromatin looping is an important regulatory step by which these distinct classes of activating lncRNAs commonly act (Fig.  1) , there might be other functions of eRNAs. Our study, focusing on the neuronal Arc gene and enhancer, showed that eRNA synthesis requires the presence of an intact Arc gene promoter (Kim et al. 2010) ; that is, detectable levels of eRNAs are not synthesized when the Arc gene promoter is deleted, although RNA Pol II and transcription factors still bind to the enhancer. One possibility is that without its promoter, the Arc enhancer is missing an unknown factor required for its own transcription activity. Such an unknown factor would be present at the promoter and enable eRNA synthesis at the enhancer only when the enhancer is brought within close proximity with the promoter through a looping mechanism. These results challenge the standard model of unidirectional enhancer-promoter interactions in which enhancers act on promoters. Instead, enhancer and promoter activation may require feedback, with each contributing elements of the protein complement required for activation of the other. In this scenario, it is unlikely that the chromatin looping is facilitated entirely by eRNAs, as the eRNA synthesis would occur only after the enhancerpromoter looping. The chromatin looping would also keep nascent eRNAs in the proximity of target promoters, potentially providing an elegant way of preventing eRNAs from activating nonspecific target genes. A nascent eRNA transcript might then facilitate recruitment of activators to the promoter, acting as a scaffold for assembly of activating proteins. Because eRNAs are generally unstable, the specificity of eRNA function would come in part from its short half-life, preventing nonspecific activation away from its local site of synthesis, once synthesis was complete. It also needs to be pointed out that the act of eRNA transcription, in addition to the eRNA transcript itself, could have a specific biological function. For example, transcriptionally engaged RNA polymerase II could recruit chromatin modifiers to enhancers, stabilizing an enhancer domain in an active state.
The discovery and emerging functional roles of eRNAs certainly expand the growing regulatory capacity of noncoding RNAs. These findings not only illustrate a more complex role of cis-regulatory sequences than previously appreciated, but also provide an exciting avenue of future research in unraveling the intricate layers of gene regulation that are intertwined with lncRNAs, cis-regulatory sequences, epigenetic modifications, and three-dimensional chromatin configuration.
